Insular systems are usually characterized by have a high species diversity, endemism, and evolutionary uniqueness. Although ecological and evolutionary factors shaping insular diversity and endemism are relatively well established, there is a little understanding about climatic niche dynamics for many insular adaptive radiations. Here, we evaluate the tempo and mode of climatic niche evolution in an iconic insular radiation of lizards. By using an extensive dataset of phylogenetic and coarsegrain climatic niches, we evaluated phylogenetic niche divergence and niche conservatism across temporal and spatial scales in the Caribbean Anolis lizard radiation. We found several instances of niche shifts during the anole radiation across islands. Many of these niche shifts converged to similar climatic regimes between different islands. Furthermore, we find evidence that single-island endemic species are more limited by low suitability of climatic conditions outside its native islands than oceanic barriers due to the high climatic heterogeneity observed at least between Greater Antillean islands. These results suggest that within-lineage climatic niche conservatism has been prevalent in short time scales and likely played a role driving the exceptional insular endemism observed today.
Introduction
Insular systems are a well-known example of unique diversity in biogeography, one that is reflected in an elevated number of endemic species (MacArthur and Wilson 1967; Losos and Ricklefs 2010) . High insular endemism results from a combination of factors, such as colonization, speciation, island size, isolation and environmental uniqueness (Kier et al. 2009) . Recently, some studies started to take speciation into account as the main driver of island endemism (Kisel and Barraclough 2010; Qian and Ricklefs 2012) . However, little is known about the role of ecological niche dynamics, understood as the balance of niche conservatism (Wiens and Graham 2005) and niche divergence on shaping patterns of island diversity and endemism (Hosner et al. 2014) .
Ecological niche theory is useful to predict species' geographical distributions at coarse-grain scales based on a set of abiotic, biotic, and dispersal limitations Guisan et al. 2017) . The Hutchinsonian niche concept, understood as the environmental requirements to maintain populations with positive intrinsic growth rates (Hutchinson 1957; Soberón 2007; Peterson et al. 2011) , is useful to establish potential areas for colonization and population establisment for insular endemic species. Many biogeographers consider that geographical distribution of insular species is constrained principally by dispersal barriers (e.g., ocean waters) rather than biotic and/or climatic factors (Brown and Lomolino 1998) . However, few studies have evaluated how climatic heterogenety across islands might be a limiting factor in the dispersal of these insular species (but see Hosner et al. 2014) . Accordingly, it is unknown whether 1 3 climatic niche requirements in single-island endemic species are playing a role in its current restricted distribution across islands or archipelagos.
The study of climatic niche dynamics might help to clarify the role of ecological and evolutionary processes driving species richness and endemism patterns across islands (Donoghue and Edwards 2014; Hosner et al. 2014) . Two contrasting patterns, phylogenetic niche conservatism (PNC) and phylogenetic niche divergence (PND), are part of a continuum during the evolutionary history of a clade or lineage (Wiens et al. 2010; Peterson 2011; Nunes and Pearson 2017) . PNC is defined as the retention of the environmental requirements from the most recent ancestor for a lineage or clade (Wiens and Graham 2005; Cooper et al. 2010; Nunes and Pearson 2017) . By contrast, PND is defined as the environmental divergence through the evolutionary history of a lineage or clade (Wiens and Graham 2005; Cooper et al. 2010; Nunes and Pearson 2017) . Although both PNC and PND patterns have received theoretical and empirical support (Peterson 2011; Donoghue and Edwards 2014; Boucher et al. 2014) , still there is a debate about the way in how we can detect instances of these events across temporal and spatial scales (Holt 2009; Peterson 2011; Boucher et al. 2014; Nunes and Pearson 2017; Saupe et al. 2018) .
Phylogenetic niche divergence is often detected at deep phylogenetic scales (e.g., across clades), whereas PNC is more frequently detected in short time scales (e.g., from individual life spans to within-species lineages; Peterson 2011; Donoghue and Edwards 2014) . Some authors have conceptualized PNC patterns as a failure to adapt to novel environmental conditions by several mechanisms including stabilizing selection and low genetic variability (Bradshaw 1991; Holt and Barfield 2008; Cooper et al. 2010) . For instance, Martínez-Meyer et al. (2004) found that many mammals species in North America exhibit little shifts in their ecological requirements over the last 18,000 years. By contrast, PND events are inferred at deep phylogenetic scales using a variety of phylogenetic comparative methods. For instance, departures from a Brownian motion model have been used as evidence of extensive PND (but see Boucher et al. 2014) . Accordingly, we might expect that species tend to exhibit stasis in their ecological requirements during its lifetime (Martínez-Meyer and Peterson 2006; Eldredge et al. 2005; Peterson 2011; Futuyma 2010) . By contrast, we might expect recurrent niche shifts across deep phylogenetic scales likely associated with biogeographic movements and ecological opportunity (Algar and Mahler 2015; Villaverde et al. 2017) .
Anolis lizards offer a well-known example of adaptive radiation in both insular and mainland settings (Losos 2009 ). The repeated evolution of the same set of ecological specialists, termed ecomorphs, across Greater Antillean islands is an iconic example of recurrent adaptive radiation in this group (Losos et al. 1998 . Furthermore, Caribbean Anolis species are notable by its exceptional endemism where more than 90% of species are single-island endemics (150 of out 166 species are endemic to a single island; Helmus et al. 2014) . This exceptional endemism is reflected in elevated species turnover between islands which has been explained by a combination of geographical and environmental factors (Stuart et al. 2012) . Although many studies have addressed aspects of niche evolution and niche convergence in ecomorphological traits in the insular anole radiation Losos 2009; Mahler et al. 2013) , there is a few understanding about whether the same patterns and process are shaping coarse-grain climatic niche evolution. For instance, Knouft et al. (2006) found that the species from the Anolis sagrei group in Cuba exhibit extensive coarse-grain climatic niche divergence. Similarly, Algar and Mahler (2015) found that climatic heterogeneity in Caribbean islands is related with high rates of climatic niche evolution. Finally, Velasco et al. (2016) found that insular clades with narrow climatic niches and occupying warmer areas tend to speciate more than other clades with species with broader niches and adapted to cold climates. Although these studies have found evidence of a role of climate on insular anole radiation, it is unknown the prevalence of niche divergence and niche conservatism patterns in the Caribbean Anolis radiation.
Here, we evaluate how climatic niches have shifted across time and space and how niche continuum process (niche conservatism and niche divergence) help to explain the exceptional endemism pattern observed in Caribbean Anolis lizards. Using a combination of modern phylogenetic comparative methods and ecological modeling approach, we evaluated niche divergence and niche conservatism patterns across the evolution of Caribbean Anolis lizards. By one hand, we expect to find high prevalence of climatic niche shifts (i.e., PND) in deep times across the insular radiation with extensive climatic niche convergence due to limited available climate space across islands (Velasco et al. 2016) . By another hand, we expect that ecological niche conservatism patterns should be more evident on short time scales and reflected in the potential geographical distribution of each species across islands (Martínez-Meyer et al. 2004; Martínez-Meyer and Peterson 2006; Peterson 2011; Peterson et al. 2011) . Accordingly, we expect that geographical distributions of many single-island endemic Anolis should be more limited by climate than oceanic barriers. Particularly, we predict that these single-island endemic species will exhibit low climatic suitability outside its native islands (i.e., non-native islands; Fig. 1 ). We expect, based on the niche centrality hypothesis, that suitable climatic conditions predicted outside native islands will be located in the periphery of the multivariate climatic space (Maguire 1973; Martínez-Meyer et al. 2013; Manthey et al. 2015; Tingley et al. 2016) (Fig. 1 ).
Materials and Methods

Phylogenetic Dataset
We used a time-calibrated phylogeny from Poe et al. (2017; hereafter MRT-tree) . This tree was generated using Bayesian phylogenetic methods from a combined matrix of morphological and molecular information (details in Poe et al. 2017) . We pruned all mainland species and only Caribbean species were included in the tree (166 in total; 100% of all known species; Poe et al. 2017) . MRT-tree is available in http://www.steve npoe.net/publi catio ns.html.
Phylogenetic Comparative Methods
We compiled the occurrence records for 165 Caribbean Anolis species from an updated database of 24,074 locality records for Anolis species compiled from several sources (e.g., Algar and Mahler 2015; Velasco et al. 2016; and original descriptions) . We careful revised each species and eliminated erroneous and doubtful records. We extracted climate information for annual mean temperature (bio1) and annual precipitation (bio12) from the WorldClim database (Hijmans et al. 2005) for the locality record of each species and calculated the average for each species. We used only these two variables to build the occupied climate space for Caribbean Anolis lizards (Velasco et al. 2016) . We preferred to use these two direct variables instead scores from ordination methods (e.g., principal component analyses -PCA-) because the interpretation of occupied climate space is more straightforward. We consider climatic niche as a phenotypic trait that emerges at species' level and therefore can be subjected to evolutionary process as natural selection and drift (Title and Burns 2015; Velasco et al. 2016; Alves et al. 2017) . It is well-know the link between climatic niche traits and diversification dynamics for many groups, including Anolis lizards (Algar and Mahler 2015; Velasco et al. 2016) . We tested whether climatic niche variation in Caribbean anole lineages is consistent with a scenario of adaptive convergence. We used the SURFACE program , which uses a phylogeny and niche traits, to fit an Ornstein-Uhlenbeck (OU) model in which lineages evolved toward adaptive convergent climate regimes (adaptive peaks) in a macroevolutionary landscape. An OU model describes an evolutionary process that includes two components: a deterministic tendency to evolve toward optimal states (i.e., adaptive regimes), and a stochastic component that is interpreted as evolutionary changes by natural selection and genetic drift (Butler and King 2004 ). The method makes it possible to identify the maximum number of convergent adaptive peaks without any a priori delimitation. SURFACE starts with a model with a single adaptive regime for all species and then increases the number of adaptive regimes using a stepwise model selection procedure based on the corrected Akaike Information Criterion (AICc). A new peak shift is added at each step to improve the fit of the model (forward phase). In the backward phase, the final set of previously identified regimes is collapsed to find further improvements of model fit. SUR-FACE finds the maximum number of adaptive regimes that best fit the data and identifies which clades are convergent towards the same adaptive peaks. We tested whether our observed pattern of climatic niche convergence discovered using SURFACE differ significantly from one expected by other evolutionary models as Brownian motion -BM-, a single-peak Ornstein-Uhlenbeck -OU-and White-Noise -WN-. We compared estimated parameters of convergence (i.e., Δk) from SURFACE with parameter estimates from BM, OU and WN models. We simulated temperature and precipitation traits 50 times for each model using using fastBM function in phytools package (Revell 2012) . We fitted these simulated traits to SURFACE to discover peak shifts and estimate convergence parameters for each model. We compared whether the observed extent of convergence (Δk) can be explained by different null models.
To examine whether climatic niche shifts discovered by SURFACE were associated with dispersal events across Caribbean islands, we reconstruct biogeographical transitions between islands using Bayesian stochastic mapping (Huelsenbeck et al. 2003) . We inferred dispersals events from 100 histories of stochastic mapping between seven states-areas as follows: Cuba; Hispaniola, Puerto Rico, Jamaica, Northern Lesser Antilles, Southern Lesser Antilles, The Bahamas, and Cayman islands. Although more complex biogeographic models have been developed to infer past biogeographical events (e.g., DEC+J; Matzke 2014), we used stochastic mapping to explore whether simple geographical transitions between islands are associated with climatic niche shifts.
We examined how the niche trait space was occupied by Caribbean Anolis lizards during its diversification using disparity through time (DTT) plots (Harmon et al. 2003) . DTT plots estimate the average niche disparity among subclades relative to the total disparity in the entire phylogeny and we compared this observed trajectory against a mean expectation from a null model generated under Brownian motion. The disparity was calculated as the average pairwise Euclidean distance for each niche trait for the entire tree and then for subclades defined by nodes on that tree. Values approaching to 0 indicate that niche variation is partitioned as among-subclade differences, suggesting that subclades exhibit little niche variation in comparison with the entire clade. Conversely, values approaching to 1 indicate that subclades contain substantial niche variation and can exhibit a high niche overlap occupying similar regions in climatic space (i.e., niche convergence). Finally, it computes a niche disparity index (NDI; MDI in Harmon et al. 2003) as the overall difference in the relative disparity of a clade compared to a null hypothesis simulated with a Brownian motion model. Negative NDI values indicate disparity is less than expected under a Brownian motion null model. These negative values have been interpreted as disparity accumulated early in the history of a clade (i.e., early-burst trait model). In contrast, positive NDI values indicate disparity is greater than expected under a null model, suggesting that subclades overlap more in their occupation of ecological niche space (Harmon et al. 2003) . Here, we generated DTT plots for species' niche mean position and calculated the NDI index using the MRT-tree. We compared the NDI index against a mean expectation of 1000 simulated values under a BM model.
Ecological Niche Modeling
We generated a set of ecological niche models for Anolis species with more than five records with the aim to establish the geographical pattern of suitable climates across the Caribbean islands. We implemented ecological niche models for 72 species with adequate records using one set with all 19 bioclimatic variables from WorldClim (Hijmans et al. 2005) and with a reduced number of variables selected due to its low collinearity (bio1, bio4, bio7, bio12, bio16, bio19). Models in Maxent were run using default parameters, except for the extrapolation option, which was turn-off, because these tend to estimate more properly the fundamental niche of species (Peterson, A.T, pers. comm.) . Each model was calibrated using 50 replicates by splitting the dataset into training and testing using 25% of occurrence records for testing. We tested the effect of different regularization values on the AUC values and did not find substantial differences ( Figure S1 ). We used 10th percentile threshold as cut-off to convert Maxent probabilities into binary estimates of presence and absence (Liu et al. 2005) . Pixels predicted as present were classified as native or non-native according information about current native distribution for each species (Losos 2009 ; Fig. 1 ). Models using all 19 bioclimatic variables and the reduced set of variables were highly similar and therefore we used binary maps from all variables for subsequent analyses ( Figure S2 ).
We extracted standardize climatic information for each pixel defined as a presence in binary maps and calculated the Euclidean distance from each pixel to the climatic niche centroid, which theoretically represents the best climatic conditions for the presence of a species (Maguire 1973; Martínez-Meyer et al. 2013) (Fig. 1) . According to the niche centrality hypothesis, we expect to find the closest Euclidean distances within each native island and furthest distances in non-native islands (Fig. 1) . Therefore, we compared mean Euclidean distances between native and non-native islands for species from each island; except those species from Southern and Northern Lesser Antilles that were treated as a single landmass. These statistical comparisons were conducted by controlling by the potential effect of island area and geographical distances between islands using ANCOVAS. For each pixel predicted as presence, we assigned the geographical area (log 10 Km 2 ) from the island and the distance (sqrt Km 2 ) from the nearest native island source. Similarly, we compared suitability pixels between native versus non-native areas from the continuous Maxent maps controlling by geographical area and distances.
Finally, we evaluated how much similar was the climate between native islands and each pixel predicted in non-native islands. We used the multivariate environmental similarity surface metric -MESS- (Elith et al. 2010) which provides values of dissimilarity (i.e., negative MESS values) between native and non-native islands. We argue that non-analogous climates (i.e., negative MESS values), might be limiting the ability to successful colonization of other islands. Accodingly, we expect to find more negative values in non-native islands (i.e., as a measure of climatic dissimilarity) for the majority of species examined (Fig. 1) . Statistical comparisons were performed by controlling by area and distance. For a better visualization we reclassify each MESS continuous raster map where all positive values were classified as 1 and all negative values were classified as − 1.
Phylogenetic Signal in Potential Colonization Ability
We classified species for which we modelled their ecological niches according to their potential successful colonization ability given the predicted climate conditions outside their native areas. Whether species exhibit similar or large Euclidean distances (calculated through a one-tailed t-test) between native and non-native islands, we coded these as potential to population establishment regardless the ocean barriers to dispersal. In contrast, whether species exhibit small Euclidean distances or not predicted any pixels outside their native areas, we coded these as restricted by climate to its native areas. We used this new binary trait (colonizing ability vs. non-colonization ability) and measure its phylogenetic signal using the D-statistic (Fritz and Purvis 2010) , a measure of phylogenetic signal in a binary trait, with the caper R package (Orme et al. 2013) .
Results
Climatic Niche Convergence and Niche Disparity Through Time
The backward phase in SURFACE identified 23 regimes in total (Table S1 ). The best final model selected (AICc = 2844.55) was favored over a model with the same number of climatic niche shifts (k = 31) but without any convergent regime (ΔAICc > 111.76; Table S1 ). The best model selected included both extensive climatic niche divergence as niche convergence (Table 1) . SURFACE discovered seven convergent climatic regimes (Table 1 ; Fig. 2 ; coloured large dots) and two non-convergent regimes ( Fig. 2 ; green and blue large dots). Climatic niche shifts occurred extensively across temperature and precipitation axis, occupying almost all the available climate space ( Figure S3 ). At least three niche shifts were involved toward a climatic cold regime across the entire anole radiation ( Fig. 2 ; red points and branches). Two of these divergence events likely were involved in the colonization of mountain regions in the Hispaniola ( Fig. 2; red branches) ; and the another one is associated with the solitary anole A. oculatus in Dominica ( Fig. 2 ; red branch).
We observed that some climatic niche shifts are associated with dispersal between islands (Fig. 2) . For instance, the A. roquet series (A. luciae, A. bonairensis, A. griseus, A. trinitatis, A. richardi, A. aeneus, A. extremus, and A. roquet) exhibited a niche shift toward wet and hot climates ( Fig. 2 ; pink points) which likely occurred after the colonization Fig. 2 : brown points). In the case of A. occultus and A. cuvieri, both endemic to Puerto Rico, it seems that these niche shifts were associated with dispersals from Cuba and Hispaniola, respectively. Finally, at least eight niche shifts occurred to occupy very hot and dry conditions ( Fig. 2; yellow points) . The most extreme of these shifts were located in branches of A. strahmi, A. blanquillanus and A. bonairensis, all from Southern Lesser Antilles. The pattern of climatic niche shifts and niche convergence discovered by SURFACE was very different from one expected by a Brownian motion, a singlepeak Ornstein-Uhlenbeck and white-noise process (Fig. 3) . The plots of disparity over time for temperature and precipitation exhibited different trajectories through the Caribbean Anolis radiation. Niche disparity for temperature was different than expected under a Brownian motion model (left panel in Fig. 4) . Niche disparity for precipitation exhibited a trajectory different than expected under a Brownian motion model, but the disparity values were highly positives (right panel in Fig. 4 ). For the for temperature and precipitation the niche disparity values calculated for all the tree were positive (temperature NDI = 0.151, p < 0.00; precipitation NDI = 0.471; p < 0.001).
Ecological Niche Modelling
We modelled potential species distributions and potential climatic suitability for 72 single-island endemics and estimate the niche position of each pixel predicted as present in both native and non-native islands (Fig. 1) . We find that for 62 single-island endemic species our modeling approach was able to detect potential suitable climatic areas outside the each native island for each species (Table S1 ). For these 62 species with potential areas outside its native island, we found that suitability values predicted in non-native islands were significantly lower than native islands ( Fig. 5 ; Table S1 ). In addition, for 57 out of these 62 species we find that pixels predicted outside native areas exhibited the highest values of Euclidean distances to niche centroid -DNC-( Fig. 5; Table S1 ). In other words, although for many modelled species we are able to detect potential climatic Large points represent the same convergent adaptive regimes identified in the phylogeny and small points represent the species that have evolved around these adaptive optima. Green and blue large points represent the non-convergent regimes identified in the phylogeny. Green and blue small points correspond to species that have evolved in these regimes. (Color figure online) conditions outside its native islands these conditions tend to be marginal (i.e., in the periphery of niche space) or with low probabilities values to a successful establishment (i.e., low suitability values). In addition, MESS analysis shown that extensive non-analog climatic conditions (i.e., novel environments), reflected by negative MESS values, are spatially concentrated outside each Greater Antillean islands and Lesser Antilles islands (Fig. 6) . Finally, based on results from DNC and suitability values, we classified species as those with potential to colonize other islands given its climatic suitability and those and species limited by available climatic conditions. The phylogenetic signal of this binary trait was low (D-statistic = 0.36; p value = 0.014). However, this D-statistic value was not different from an expected by a null Brownian motion model (p value = 0.22).
Discussion
Climatic Niche Dynamics Through Time
The climatic niche evolution of the Caribbean Anolis radiation is explained by a combination of niche divergence and niche conservatism across time and space. The convergence of several lineages to similar climatic regimes across in different islands suggest that species evolved recurrently to adapt to the limited available climates in the region, as opposed to mainland Anolis lizards (Velasco et al. 2016) . Several lineages converged to occupy similar positions in the niche space, particularly those in the periphery of the climate niche space. Furthermore, many lineages exhibit extensive niche conservatism which is reflected in few niche shift around the central conditions of the observed climate space. Finally, climatic divergence declines through time suggesting that many niche divergence events occurred early in the Caribbean Anolis radiation. The resulting convergence pattern differ substantially from those expected from simplistic evolutionary models suggesting that a complex models with several peaks and heterogeneous rate shifts explains better the climatic niche evolution in Caribbean anoles. Several niche shifts detected were associated with dispersal events between or within islands. The most recent biogeographical analyses suggest that anoles colonized the Caribbean islands from South America in two waves of dispersal before the Eocene-Oligocene glacial maximum and when islands formed a single landmass known as GAARlandia (Poe et al. 2017) . It seems that insular anole radiation evolves toward colder and more humid climates after the colonization of GAARlandia and lineages evolved in isolation (after the GAARlandia break-up) occupying almost all available climate space. This scenario is consistent with recent studies showing that Caribbean anoles radiated due to climate opportunity (Algar and Mahler 2015) and occupied almost all climate space in each island (Velasco et al. 2016) .
The extensive climatic niche convergence observed suggest that these patterns of niche evolution might result from adaptation to similar climate regimes (Boucher et al. 2011 ). The phenotypic similarity in unrelated lineages has been considered to be a result from natural selection driving trait evolution in similar environments (Revell et al. 2007; Losos 2011; Mahler et al. 2013; Mahler and Ingram 2014) . Some authors have argue that it is possible that phenotypi convergence can be also explained by random process or models that does not incorporate explicitly convergence (Stayton 2008) . However, we found that the widespread climatic niche convergence was not driven by random process (e.g., white-noise) or evolutionary models (e.g., Brownian motion or a single-peak OU models) lacking deterministic convergence (Fig. 3) . These results support the hypothesis that the coarse-grain climatic niche dimensions also has been driven by an adaptive process similarly to ecomorphological traits Mahler et al. 2013) .
The parallel diversification across Greater Antillean islands to occupy all available climate space (Velasco et al. 2016 ; Figure S3 ) likely was triggered by biogeographic movements and climatic opportunity (Algar and Mahler 2015; Velasco et al. 2016) . Further tests are necessary to evaluate whether similar evolutionary trajectories in climatic niche evolution occurred after island colonization. It might expected that all lineages that converge to occupy colder climates (e.g., red points in Fig. 2 ) likely evolved quickly physiological cold tolerances than any other anole lineage. That is the case of the A. cybotes clade where cold tolerance evolution was faster than heat tolerance (Muñoz et al. 2014 ). In fact, there is recent evidence showing that evolution to support lower temperatures in anoles can ocurr in very short time scales (Campbell-Staton et al. 2016 . The niche lability observed using this coarse-grain data need to be corroborated using physiological data (e.g., Muñoz et al. 2014; Campbell-Staton et al. 2016; Gunderson et al. 2018) .
It has been argued that ecological niche estimates based on occurrence data are incomplete and therefore the only way to estimate fundamental niches is using physiological data (e.g., critical temperatures; Kearney and Porter 2009) . However, the Hutchinsonian fundamental niche has been conceptualized extensively in terms of demographic process (Hutchinson 1957; Maguire 1973; Holt and Gaines 1992; Holt and Gomulkiewicz 1997; Pulliam 2000; Holt 2009; Pironon et al. 2017) . We argue that physiological tolerance limits likely also overestimate the fundamental niche because these limits are beyond the climatic ranges experienced by local population to maintain positive growth rates (Holt and Gaines 1992; Holt 2009; Pironon et al. 2017 ). However, it remains an open question which data, either occurrences (e.g., from web services as GBIF) or physiological tolerance limits (e.g., from field experiments across geography; Gunderson and Leal 2012; Gaitán-Espitia et al. 2014; Campbell-Staton et al. 2017) , and which methodos (e.g., niche modeling algorithms) are more close to estimate the true fundamental Hutchinsonian niches.
The incomplete characterization of ecological niches is an relevant issue to draw inferences about PNC and PND patterns and particularly for rate estimation of niche evolution (Saupe et al. 2018) . For example, Saupe et al. (2018) simulated for 31 species of Icterus birds minimum and maximum temperature data according to a BM model. Using these simulated temperature data (i.e., the "true" niche) they simulated the potential geographical distributions of each species under several dispersal scenarios. They extracted the temperature data for each simulated range under a specific dispersal scenario (i.e., the "estimated" niche) and estimated their evolutionary rates under a BM model. Saupe et al. (2018) found that rates of niche evolution for "estimated" niches were higher than for "true" niches and concluded that truncated niches tend to inflate evolutionary rates. However, still it is necessary to evaluate whether niche truncation or evolutionary model selection influenced the biased estimation of evolutionary rates. For instance, it has been found that BM models are bad descriptors of climatic evolution (Boucher et al. 2014) and therefore this likely biased the model parameter estimates in these kind of data (Pennell et al. 2015) .
Here, we have provided evidence that climatic niche dynamics in Caribbean Anolis lizards is better captured by a complex OU model with multiple regimes, corroborating previous findings by Algar and Mahler (2015) . Furthermore, we tested using an extensive simulation approach that the convergence climatic niche pattern in anoles was very different from one simulated by simple models as BM, OU with a single peak, or a white-noise process (Fig. 3) . We suggest that it is necessary more study to, first, test whether niche truncation has been pervasive across Caribbean Anolis lizards, and, second, how this potential niche truncation are affecting our inferences of patterns and process of climatic niche evolution. By one hand, our results from ecological niche modeling suggests that niche truncation is a minor aspect in Caribbean Anolis lizards. We suggest that singleisland endemic Anolis species are more limited by climate than oceanic dispersal barriers. Caribbean Anolis species have occupied all climatic conditions within its accessible areas (Velasco et al. 2016) and therefore the dispersal ability of species likely affect minimaly the niche estimates using occurrence data. By on other hand, previous work based on critical thermal tolerances in Caribbean and continental anoles provides evidence that these species have evolved quickly to adapt to cold climates (Muñoz et al. 2014; Campbell-Staton et al. 2016 .
Caribbean Anolis Endemicity
Recent work on anole biogeography have shown that dispersal was frequent during the evolutionary history of Caribbean Anolis lizards (Poe et al. 2017 ). Many dispersal events were inferred to occur when Caribbean islands formed the GAARlandia landmass (Poe et al. 2017) . Conversely, recent dispersal events across the ocean have been facilitated by humans (Powell et al. 2011; Helmus et al. 2014) . In these recent cases, impoverished islands in anole diversity have been easily colonized by different anole species (Helmus et al. 2014) .
Our results from niche modelling shown that almost all species lack suitable climatic conditions outside its native areas. We interpreted this as evidence that single-island endemic species are well adapted to climatic conditions within its native islands due to strong retention of ecological niche requirements from its most recent ancestor (i.e., niche conservatism; Peterson 2011). This lack of suitable climates outside native islands for many species is interpreted as sink environments (Holt 1996; Pulliam 2000; Holt et al. 2002) which are limiting the species' range limits more than oceanic barriers. We suggest that decline of climatic suitability outside islands is driven principally by the climatic heterogeneity across islands. The MESS analysis shown that each Greater Antillean island exhibit an unique set of climatic combinations and this limit the ability of colonization and successful population establishment for many species. The existence of non-analog climates is considered to be a limiting factor in the dispersal of species across geographical regions (Williams and Jackson 2007) . Furthermore, the D-statistic shown that phylogenetic signal in the potential ability to colonize suitable islands is very low and that dispersal ability might be phylogenetically clumping (Fritz and Purvis 2010) . This suggest that ability of species to colonize other islands given the suitability of adequate climate can be predicted by phylogenetic affinity similarly as with morphological traits Poe et al. 2011) .
Although single-island endemics might have truncated climatic niches (i.e., species with larger niches than observed but truncated by geography), their niche requirements are also not available in the surrounding geography, as the climatic similarity metrics revealed (Fig. 6) . However, our results suggest that small Caribbean islands or banks might be good candidates for the establishment of colonizing species because they tend to hold higher values of climatic suitability (Petitpierre et al. 2012) . Many recent invasion events occurring in small islands (Helmus et al. 2014 (Helmus et al. , 2016 ) and a few in large islands (e.g., the introduction of A. sagrei in Jamaica) support this idea. We recommend that additional approaches based on physiological and explicit demographic data (Kearney and Porter 2009; Kolbe et al. 2013) should be implemented to corroborate these results.
Conclusions
Our results suggest that extensive climatic niche divergence occurred across the Caribbean Anolis radiation involving multiple episodes of niche convergence to similar climatic regimes. Caribbean Anolis have evolved repeatedly across the climate space occ upying different combinations of temperature and precipitation. Although climatic niche shifts were common across time and space (i.e., between islands), recent niche conservatism (i.e., niche stasis) likely play a substantial role driving insular endemism in Anolis lizards. Further studies using field and experimental approaches are necessary to corroborate our results. For instance, a comparison of physiological tolerances between invasive and non-invasive Anolis species help to dilucidate which mechanisms are driving the lack of ability to colonize other islands.
